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MKTHOI) OF PRODUCT CODK BLOCK 
ENCODING APPIJCAIH.K TO KNCODINC; 
AN ATM CELL 

MELD OK TIIL INVLNTION ? 

The field of ihc invention is thai of encoding data. More 
precisely, the present invention relates to a method enabling 
data blocks to be encoded, each block comprising at least a 
first /one and a .second /one, e.g. a header and a /one ot . 
pavload data. The invention applies particularly to encoding 
asynchronous transfer mode (ATM) cells. 

BACKGROUND OK TIIL INVENTION 

Product code encoding is a known encoding technique 1 
thai enables data to be encoded for transmission, e.g. by 
radio I IGS. I and 2 show the principle of product encoding. 

In this case a block of '-HI bits is to be encoded, wherein 
the bets are referenced dl to d 4 >0. The bits are organ i/ed on ; 
a table as shown in FIG. L the table comprising a number 
k I of rows and a number k2* 10 of columns. Product code 
encoding consists in applying first block encoding (referred 
to as row encoding) to each of the kl rows so as to obtain 
additional bits referenced dli (KICi. 2) corresponding to 
encoding each of the kl rows. \l\ way of e\aniple. the bits 
dll. JC. and dl3 correspond to encoding the bits dl to J 10. 
As a function of the kind of block encoding scheme used, 
this utves rise to klxn2 additional bits (in this case n2-3). 
These bits are placed after the biis from which they are 
derived, thus obtaining a table that has kl rows and k2+n2 
columns. 

After this lirst encoding operation, a second kind of block , 
encoding (known as column encoding) is applied to the 
k2+n2 columns, so as to generate nlx(k2+n2) additional 
bits. In I Ki. 2, 20 additional bils(dci) are thus generated by 
encoding the k2 columns, and fi more additional bii^ (dlci) 
are obtained by encoding the n2 columns. In this case the ~ 
value of ill is equal to 2. Hy way of example, the encoding 
ol the l>its in the first column of the table in 1 Ki. I gives wsc 
to bits del and dc2. 

A product code is defined on the basis of the parameters ^ 
(nl, kl) and (n2. k2) of the row and column codes. 

When transmitting AIM cells, it is desirable for the 
header to be belter protected than the pavload data held since 
the header comprises, in particular, the destination address 
lor the cell. If the address is severely degraded on 
transmission, the packet as transmitted not only fails to 
arrive at its destination, but it is no longer possible lo warn 
the destination that a packet intended lor it has not arrived, 
furthermore, w hen the packet reaches an unknow u nt.de. the „ 
routing system is disturbed. 

A particular object of the present invention is to remedy 
those drawbacks. 

SUMMARY OK OIL INVENTION 
Hie present invention provides a method of encoding 

ATM cells that arc to be transmitted, e.g. by radio, said 

method enabling the cell header to K- given better protection 

than its pavload data field. 

"Ill is object and others that appear below are achieved b\ 

a method according to claim L 
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BRILl OEM "KIP HON Ol I ML DRAW IV IS 

Other characteristics and advantages of the invention 
appear on reading the following description of a preferred 
implementation, given by way of non-limiting illustration, 
and with reference to the accompanying draw ing^. in w hich: 
KUiS. I and 2 show the principle of product encoding; 
KICi. 3 shows an AIM cell; 

KICi. 4 shows the encoding principle of the invention 
applied to an ATM cell; and 

I Ki. 5 shows how the encoding method of the invention 
can be generalized lo A I'M cells containing various numbers 
of bits. 

DL I All LD INSCRIPTION Ol 11IL 
PRLI LRRLD LMBODIMLNTS 

KKiS. I and 2 are described above with reference lo the 
slate of the art. 

I Hi 3 shows an AIM cell referenced 30. t he cell 30 
comprises a header 31 containing 40 bits (5 bytes) and a 
pavload data tield 32 containing .Vs4 bits (4N h\tcs). Hie 5 
header bytes comprise si\ fields including a cyclic tedun- 
5 dancy check (CRC) byte, generally referred to .is header 
error control (I ILC '). 

I Ki. 4 shows the encoding principle of the invention as 
applied to an ATM cell. 

The invention proposes reinforcing the encoding ol the 
header 3 1 of the AI M cell compared with the eno 'ding of its 
pavload data by applying d liferent kinds of encoding to these 
two /ones. More precisely, the 40 bits of the header are 
placed in a /one that is strongly protected by C(N, .k, ") row 
encoding while the .VN4 pavload data bits are placed in 
another /one that is protected less strongly by C(N,.K,') row 
encoding. After the two kinds of row encoding have been 
applied. C(N ( . K ( ) column encoding is applied lo all of the 
• columns of the matrix. As explained below, it is prclerahle 
tor the C(N, , K, ) encoding to be a sub-code of the C(N,. 
k, ') encoding. 

Hy way of example, as -shown in I Ki. 4. the 40 header bits 
are placed in 4 rows of 10 columns each, while the 3N4 
pavload data bits are placed in lb rows of 24 columns each. 

Thereafter, the first step of the method, referred to as step 
a. consists in applying fust row block encoding lo the header 
bits, said first block encoding being Bode-Chaudhuri- 
llocquenghem (MCI I) encoding ol the (30. 1(0 type. Ihus. 
for each I04iii word. 20 code bits are obtained which are 
placed al ter said 10-bii word (in a 4x20 matrix), fhe second 
Men of the method, referred to as step b, consists in applying 
second row block encoding, in this case of the ( Ml 24) type. 
10 the sixteen 24-iuplets of pavload bits, thereby obtaining 
I <»xo code bits following the 24-tuplets. This provides a 
table of 20 rows and 30 columns. 

I'm perform product encoding, an additional step, ret erred 
to as Mep c. consists in applying third block encoding, in th i-* 
ca>e a column code, to the data obtained during sieps a and 
b I his third block encoding is of the (20. 3(1) ty|K in tln> 
<..im: and generates 30 1 0-bit code words. 

fhe final result is thus a table of 30 rows by 30 columns 
oMii.itning inn only the source dala lobe transmitted but also 
iIk okIc bits obiained in steps a. b. and c. 
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I*he codes used for const ructing I he product codes in t he 
present invention arc hinary HCM codes, and (n. k) binary 
cyclic c««dc>. iheir (n+l. k) extents, and their (n, k-l) 
expurgates, and shortened codes of these (n-s. k-s). (n-s. 
_s). and (n+ l-s. k-s) codes with k. n. and s integers and 

s<k. 

"Hie extended codes arc obtained by adding a parity bit to 
each word of a cyclic code having an odd minimum I lam- 
mi nu distance. In <»ther words, its generator polynomial g(x) Jm 
does nol contain the factor (X+l). An expurgated code is 
obtained from a cyclic code having g(x) as its generator 
polynomial. g(x) not containing the factor (x+l ). The expur- 
gated code is obtained by the new generator polynomial 
(x+l).g(x) 15 

Minarv expurgated codes and extended codes have all ol 
their code words of odd length. The expurgated code 
obtained hv (x+l)g(x) is a sub-code of the code generated 
by i:(x). All of the shortened codes are sub-codes of block , ti 
linear codes, but an extended code is not a sub-code of its 
main code. 

Hie ( (11. k) code is a sub-code of a C(n. k ) code where 
k<k*. if all of the words of the C(n. k) code also belong to 
the C(n. k') code. With a linear block code, this means that :5 
the ( (n. k) sub-code is a sub-space of the C(n. k ) code, l or 
evelic codes, the main code C(n. k) has its roots in the set 
of roots of its C'(n. k) sub-code. In other words, if the C(n. 
k') code is generated by its generator polynomial g(x). the , m 
( (n. k) code generated by g(x) is its sub -code if g'(X) divides 
into g(\) in the Cil(q) [p f „(\)] domain where (il (t|) is the 
symbolic finite Galois body of the C(n, k) and C(n. k*) codes, 
and p,„(x) is the polynomial which defines the finite body in 
which the roots of the generator polynomials of these Cyclic ;> 
codes are to be found. If this property is satisfied, then all ol 
the rows of the matrix are words of the C( N, . K, ) main code. 
Usinc the following notation, as shown in I'Ki. 5: 
J i> the number of rows in the table containing header 4(i 
bits; 

K f is the number of columns in the table containing header 
bits: 

J. i> the number of rows in the table containing payload 
bits; 4? 

K/ is the number of columns in the table containing 
payload bits; 

K., is equal to .1, +J ; : 

N, is the number of columns in the table alter row 
encoding has been applied in step a and b: and 

N, is l he number of rows in the table after column 
encoding has been applied in step c. 

then: the first row encoding applied is (N,. K, ) code, this 
ciicodinu being applied on the J, rows, the second row 
encoding apphed is(N, . K £ ')code. this encoding being 
applied on the J : rows, the column encoding applied is 
(N, . K. ( ) code, this code being applied on the N, 
columns. 

Ill this case, the codes used are (31. k) IK'll codes, 
optionally extended (32. k) codes and optionally expurged 
(31. k-l) codes, and all shortened versions thereof (3 l-s, 
k-s). (32-s. k-s). and (3 l-s. k-s-1) codes, where d is the 
MCH distance and s is an integer in the range I to k-l The 
value of k is b. 11. In. 21, or 2b. 

Hv way of example. (2 l J. 24). and (2 l J. 14) codes are 
shortened codes ol (31.2b) and (31. lb) MCI I codes. <2V. S) 
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code is a shortened code t »l I 31. 1 5 ) code, and (31. 15) c 'de- 
is an expurgated code of (31. lo) code. Consequently. (2v J . 
14) and (2°. S) codes are sub-codes of (2 l >. 24) code. 

The following table shows three different configurations 
of the codes used as a function of header si/.e. 
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Hie number N corresponds to the total number of bits 
after encoding, i.e. n-N, xN« . K corresponds to the number 
of bits in the cell to be encoded, i.e. k= I , x K, +.I : xK, '. and 
K corresponds to the resulting efficiency, i.e. K-K S. The 
Mvle+ column corresponds to the number of bytes added lo 
the header compared with the basic configuration having 5 
bytes. 

Con figuration I corresponds to that sin ami in I Id. 4. 
Configuration 2 corresponds to that obtained by adding 2 
bvies to the header, and configuration 3 to that obtained by 
add inn 5 bytes to the header. 

It is desirable to add such bytes when it is de si red to 
transmit a certain amount of additional information together 
with the ATM cell. e.g. data relating to link monitoring, to 
signalling, or to additional CRC encoding. 

Naturally, the terminology "row code" and "column 
code" is not restrictive, i.e. two column codes could be 
applied in succession before applying a row code to the set 
of encoded data and the same result can be obtained, i.e 
better protection of the header. This amounts lo interchang- 
ing rows and columns. The essential point is thus to apply 
two first encoding operations followed by a third encoding 
operation in a direction that is orthogonal lo the first two. 

In an advantageous implementation, provision is made tor 
the rows to be interlaced before applying column encoding 
(step c). If two column codes are applied before row 
encoding, then interlacing should be applied to the columns 
before applying a row code. Such interlacing makes it 
povsihle to simplify decoding the column code because 
deCvKling the line code ol* the header provides decisions that 
are more reliable. Hits that are decided on with a high degree 
of reliability can be considered as fixed in the words of the 
column code. 

What is claimed is: 

1. A method of encoding a data block comprising first and 
second data /ones, said method comprising: 

(a) encoding said tirst data /one using a first block 
encoding; 

(b) encoding said second data /one using a second block 
encoding; and 

(c) encoding the data obtained from steps (a) and (b) using 
a third block encoding in a direction orthogonal to the 
first and second encodings, wherein said fust block 
encoding is more powerful than said second block 
encoding so that said tirst data /one is more protected 
than said second data /one. 

2. A method according lo claim 1. wherein said step (c) 
further com prises interlacing said data obtained from said 
Meps (a) and (b) prior to encoding the data obtained from 
sjivl step (a) and (b) using said third block encoding. 
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3. A method according to claim I. wherein said first Mock 
encoding is a suh-code ot said second Muck encoding. 

4. A method according to claim 1, wherein said data Mock 
comprises an ATM cell said first data /one comprises a 
header said ATM cell, and said second data /one cm- 
prises a pay load data field ot said ATM cell 

5. A method according to claim I. wherein said liist. 
second, and third Mock enci>dings are performed using 
Hode-Chaudhuri-Hocquenghem (IHH) a>des ol' length n 
and dimension k. said liC'H codes helonging in any one of 
the following families: (n. k). (n. k-1). (n+L k). Oi-s. k-s). 



or (n-s. k-l-s). and (»+l-s. k-s|. where k. n. and s arc 
integers with s<k. 

6. A method according m claim I, wherein said lirst and 
second encodings each comprise- a row code and said third 
block encoding comprises a column code. 

7. A method according to claim I. wherein said liM and 
.•second encodings each comprise a column code and said 
third Mock encoding comprises a row okIc. 
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